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Nano-Materials Roadmap
I

i impact on Space Transportation, Spare Sctenca and I.{EDS

CNT = Carbou

Biomimetics and Bio-inspired Systems ]
Impact on Space Transportation, Space Science and Earth Scicmce
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• Nntlo¢lghnoIo_ _ I[Icmenll

. Nanodecgr_l_ and _putlng

. Structural Materials

W
•Dlzgnost_, St_asingand Imaging

Nanotubel, _all_ Nanopartklts, Nav, owtm, Qmmtum Dc_s

Nuod_te_ for fast Genomict and Pret_tadc$

• DniI Deli_e_

Matcxi_, Nanoporom Systems

• N ano-Surgery fM[anipulatlon

Mc4t'gular MachRt_, Nmlo-controllcd E_rgg Deposition

• Novel Materials/Concepts

D_nd.tic Neurons (CNT) for se_ing and p_.essing

NanomateriaL$ wi_h b[o-aun_tic functionality

• Tachnelogy and Materia_ for Drag

Nano-Bio interface for drug design

CarbonNanotube

CNT is a tubular form of carbon with

diameter as small as I am.

Length: few nm to rnicmrts.

CNT is configurationaily equivalent to a

two dimensional graphene sheet

rolled into a robe,

CNT exhibits extraordinary

_al properties:

Young's modulu.s over

t Texa Pascal as stiff as

diamond, and tensilestrength

- 200 GPa.

CNT can be metallic or semiconduc ring.

depending on cb.iralRy.
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Experimental Work:

• Meyya Meyyappan (Program Director)

• Viktor Stoic (Genomics/Nanopore)

• Ionathan Trent (Protein Nanotubes)

• Jie Han (Bio-Sensors)

• Jun Li (Bio-Sensors)
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Solid-state nanopores for

DNA sequencing:

the fastest method for sequencing

nucleic acids

1 subunit/microsecond = 1 human genome in 2hrs

HGP: 13 years/single genome/$3 billion
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Impact/Applications:

Rapid extraction of genetic information to enable:

1. In-sire detection of DNA, RNA, or protein

on other planets.

2. Iderttification of the genetic basis of phenotypic

variation among all organisms on Earth.

3. Personalized molecular medicine

1 gubuniVmicrosecond = I human genome in 2kr.

ProteinNan0tubes

• Heat shock protein (HSP 60) in organism_ living at hi@ temperatures
("exm;mophiIts") is of interest in astrobiololD'
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• Multt-F_nctiomd Mttttrrmls for Bleminmties

N_¢aur_l Skin Eff_-_

N_porow Matlriak_ with Controned Ports

• Blomimetle..fRevolutiotmry Concepts

E_lmlonary Computing and Sermng
Self-HemJingMaterlid$

• Drug DesJgn and Targe_Drug loteracfiona

Ft_JlereneIx_seddrugsfor HIV, AL5

• BIo-Molecular Machines

Computer Simulations: Characterization and Discovery of New Materials/Devices!
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- High value of Young's Modulus (1.2 -1.3 T Pa for SWNTs)

- E/astic/limit up to I0-159b strah_

Computer Simulations: Characterization of New Materials!
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Nanostr_ctured skin effect !

Computer Sh'nulafions Generating new IP !

m

M. Menoo and D. Srtvmtava, Phya. Rev. Lett. V&. 74,4453 (199"0

M. Menon _nd D. Srivastx_'x, J. Mit. ReL Vol 1J, 2357 (1998)
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Ceral Sensory System finter-ncuron) of a c6cket
A 4-1eve] den_fic neural tree: 14 branched carbon nanombe junctions

BIo|oSlc_ Dendritic Neur_ Tree

• C_c dimensioual cab]© U_ory +

Hodgkin.Huxley model for action-potential

based inforrm¢ion flow

• h_'orrmtion p_ce_m m_ _s _oded in _a)

branching at t/_ juacrlom, and Co) timc-

_:n¢_ sequ=r,cJn ! of the _'igml _[$t,V,_

sU'_co._al de_ails of _a_ bmncbas aml

_oc_io_, _d Co) via chemical

cnvh-onment

• Short aod Ioo_ term n-_mory is part of the

sh'uctare: evolutionary in nature

Carbon Nmlolube: DendrlU¢ Tree

• ]_ccu'oo.ic, icous_, _be.nm], sod

_cn_cd si_ wimraissioo a_

]_forn_Cion proce._cin s

• _ormation p_ce_i_g czu be bs.c_d on

(a) branching _- switching at U_¢ juocdooa.

and Co) time sea_ seq,Je_ing of si&n_l-

• In_t - ocaqm_ - coacfok can be based on

cz_v_roon-ent, aod (c) l_ys]cal co_ts _t

_he ends?

• Short and Ions _.rra memory can be part

or"_.u:tm= by de_:_ and chemical

adsorbtte pilcement=: de_i_n for specific

purpose.%_fiomdity
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External Collaborators:

• Prof. K. Cho (Stanford University)

• Prof. Don Brenner (NC State University )

• Dr. Madhu Menon (University of Kentucky)

• Dr. Antonis Andriotis (Crete, Greece)

• Dr. Uri Sagman (CSixty, USA)
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